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(57) ABSTRACT

A first envelope detector circuit and a second envelope detec-
tor circuit are the same 1n circuit configuration, where the
former detects an mput high frequency signal, and the latter
generates a reference voltage for power level detection. A
detector detects an output voltage of a selector configured to
select an output of the first envelope detector circuit with
reference to an output voltage of a selector configured to
select an output of the second envelope detector circuit. A
controller controls an mnput selector to determine and store
control values for the two selectors during input of a high
frequency reference signal generated by a high frequency
reference signal generating unit, and controls the two selec-
tors by using the stored control values when an actual high
frequency signal 1s 1input.
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HIGH FREQUENCY POWER DETECTOR
CIRCUI'T AND RADIO COMMUNICATION

DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This 1s a continuation of PCT International Application
PCT/IP2009/004°746 filed on Sep. 18, 2009, which claims
priority to Japanese Patent Application No. 2009-105593
filed on Apr. 23, 2009. The disclosures of these applications
including the specifications, the drawings, and the claims are
hereby incorporated by reference 1n their entirety.

BACKGROUND

The present invention relates to a detector circuit for
detecting high frequency signal power. In particular, 1t relates
to a high frequency power detector circuit usetul for auto-
matic gain control and automatic power level control in radio
communication devices.

In recent years, cellular phone terminals have been pro-
vided with various radio communication functions such as
digital television, FM radio, Bluetooth® and wireless LAN 1n
addition to a telephone function. In order to meet increasing
demand for reduction 1n size and cost of radio communication
terminals and modules included 1n them, integration of high
performance circuit systems, which have not been integrated
so far, has been proceeding on a radio communication chip. A
high frequency signal power detector circuit (a high fre-
quency power detector circuit) 1s an example of the high
performance circuit systems.

In radio communication devices, a high frequency power
detector circuit 1s used for automatic gain control in an ampli-
fier and a mixer on a recerving system based on the intensity
of a received signal input from an antenna, and for automatic
gain control 1n a power amplifier on a transmission system by
detecting an output signal level of the power amplifier. Such
automatic control systems are incorporated 1n most of radio
communication transmitters/receivers to achieve highly reli-
able radio communication.

In general, automatic gain control 1s performed based on
the results of comparison between a reference signal gener-
ated 1n an itegrated circuit (IC) and an output signal of an
envelope detector circuit. Therefore, the precision of the con-
trol system depends on the precision of the internally gener-
ated reference signal and the output signal of the envelope
detector circuit. For this reason, if reduction 1n supply voltage
and 1ncrease 1n variation in the course ol manufacture asso-
ciated with the shrink of semiconductor design rules take
place, signals recerved at an IC of a radio communication
transmitter/recerver are distorted and a significant amount of
noise 1s contained in the signal. As a result, radio communi-
cation quality 1s impaired.

The rapidly spreading digital terrestrial television broad-
casting for mobile units (ISDB-T, so-called one segment
broadcasting) 1s characterized in that a broadband radio com-
munication band 1s used. In many cases, cellular phones are
equipped with an IC for recerving the one segment broadcast-
ing. Therefore, even if a high frequency filter 1s provided
between the antenna and a tuner intended for the one segment
broadcasting, various kinds of interference waves 1n and out
of the band are mput into the tuner through the antenna or by
inner radiation. For improved communication quality, 1t 1s
necessary to dynamically switch the power detection level
based on a recerved channel or a radio wave condition. This
brings about a need of realizing an mexpensive high fre-
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quency power detector circuit having higher precision as
compared with conventional ones, while a semiconductor
process under finer design rules 1s employed, though which
results 1n significant variations in the course of manufacture.
Further, 1n view of reduced product life cycle, an easy-to-
design detector circuit which eliminates the need of adjust-
ment of variations in the course of manufacture before ship-
ment as much as possible has been demanded.

In many cases, an envelope detector circuit mainly consist-
ing of a transistor, a current source and a capacitance 1s used
in a conventional high frequency power detector circuit (see,

for example, Stephen L. Wong and Sifen Luo, “A 2.7-5.5V,
0.2-1 W BiCMOS RF Driver Amplifier IC with Closed-Loop
Power Control and Biasing Functions,” IEEE JOURNAL OF
SOLID STATE CIRCUITS, VOL. 33, NO. 12, DECEMBER
1998, pp. 2259-2264). Further, for reduction of detection
error, a high frequency power detector circuit in which a DC
reference voltage 1s converted to an AC (square wave) refer-
ence voltage has been proposed (see, for example, Interna-
tional Patent Publication No. W0O/2004/040795).

FIG. 5 shows the structure of a conventional high fre-
quency power detector circuit. An mnput high frequency signal
1s mput to a base of a transistor 21 of an envelope detector
circuit 2 after the center level of the mput high frequency
signal 1s shifted by a level shifter 1. In the envelope detector
circuit 2, a collector of the transistor 21 1s connected to a
supply voltage node. A current source 22 and a capacitative
clement 23 are connected in parallel between an emaitter and
a ground node. When a capacitance value of the capacitative
clement 23 1s increased to a suificient degree, an envelope of
the high frequency signal input to the base of the transistor 21
1s extracted from the emaitter.

In the same manner as the envelope detector circuit 2, an
envelope detector circuit 3 includes a transistor 31 and a
current source 32 and a capacitative element 33 connected 1n
parallel to an emitter of the transistor 31. A reference voltage
generated in a reference voltage generating circuit 4 1s applied
to a base of the transistor 31, and a reference signal 1s output
from the emitter. A low-pass filter 5 outputs the results of high
frequency signal power detection based on a difference
between the outputs from the envelope detector circuits 2 and
3. The reference voltage generating circuit 4 1s configured to
generate a reference voltage corresponding to a power to be
detected by changing a DC reference voltage Vret so that
multiple levels of power are detected. In this way, a high
frequency power detector circuit 1s constructed by the enve-
lope detector circuit 2 and 1ts replica (envelope detector cir-
cuit 3) with the aim of reducing variations in detected output

due to temperature, supply voltage and variations in threshold
value of the transistor 1n the course of manufacture.

SUMMARY

According to a conventional high frequency power detec-
tor circuit, a current source and a resistance row are essential
to generate the reference voltage. Therefore, absolute values
of a current and resistance vary due to variations in the course
of manufacture, change 1n temperature and change 1n supply
voltage, thereby causing an error 1n detected power level. In
general, current mirror circuits are used as current sources 11
an envelope detector circuit and 1ts replica. However, an error
in detected power level may occur due to an error in 1mput
reference current and a mismatch between threshold values of
paired transistors in the current mirror circuit. Further, since
the conventional high frequency power detector circuit
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requires a reference voltage generating circuit 1n addition to
the two envelope detector circuits, the circuit dimension 1s
increased.

To solve the above problems, configurations as described
below 1s effective. For example, a high frequency power
detector circuit includes: a level shifter configured to shiit a
center level of an mput high frequency signal to a predeter-
mined voltage; first and second envelope detector circuits
cach having a resistance row, a capacitative element con-
nected to the resistance row 1n parallel, and a transistor con-
nected between a connection point between the resistance
row and the capacitative element and a predetermined voltage
node; a selector configured to select any one of a plurality of
intermediate terminal voltages of the resistance row of the
first envelope detector circuit; and a detector configured to
detect an output voltage of the selector with reference to a
total voltage or an intermediate terminal voltage of the resis-
tance row of the second envelope detector circuit, wherein an
output of the level shifter 1s supplied to a gate or a base of the
transistor of the first envelope detector circuit, and the prede-
termined voltage 1s supplied to a gate or a base of the transis-
tor of the second envelope detector circuit.

A high frequency power detector circuit includes: the
above level shifter; the above first and second envelope detec-
tor circuits; a selector configured to select any one of a total
voltage and a plurality of intermediate terminal voltages of
the resistance row ol the second envelope detector circuit; and
a detector configured to detect an intermediate terminal volt-
age of the resistance row of the first envelope detector circuit
with reference to an output voltage of the selector, wherein an
output of the level shifter 1s supplied to a gate or a base of the
transistor of the first envelope detector circuit, and the prede-
termined voltage 1s supplied to a gate or a base of the transis-
tor of the second envelope detector circuit.

A high frequency power detector circuit includes: the
above level shifter; the above first and second envelope detec-
tor circuits; a variable gain amplifier configured to amplify an
intermediate terminal voltage of the resistance row of the first
envelope detector circuit; and a detector configured to detect
an output voltage of the variable gain amplifier with reference
to a total voltage or an intermediate terminal voltage of the
resistance row ol the second envelope detector circuit,
wherein an output of the level shifter 1s supplied to a gate or
a base of the transistor of the first envelope detector circuit,
and the predetermined voltage 1s supplied to a gate or a base
of the transistor of the second envelope detector circuit.

A high frequency power detector circuit includes: the
above level shifter; the above first and second envelope detec-
tor circuits; a variable gain amplifier configured to amplity a
total voltage or an intermediate terminal voltage of the resis-
tance row of the second envelope detector circuit; and a
detector configured to detect an intermediate terminal voltage
of the resistance row of the first envelope detector circuit with
reference to an output voltage of the variable gain amplifier,
wherein an output of the level shifter 1s supplied to a gate or
a base of the transistor of the first envelope detector circuit,
and the predetermined voltage 1s supplied to a gate or a base
ol the transistor of the second envelope detector circuit.

A high frequency power detector circuit includes: a vari-
able gain amplifier configured to amplity an mput high fre-
quency signal; a level shifter configured to shiit a center level
of an output of the variable gain amplifier to a predetermined
voltage; the first and second envelope detector circuits; and a
detector configured to detect an intermediate terminal voltage
of the resistance row of the first envelope detector circuit with
reference to a total voltage or an intermediate terminal volt-
age of the resistance row of the second envelope detector
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circuit, wherein an output of the level shifter 1s supplied to a
gate or a base of the transistor of the first envelope detector

circuit, and the predetermined voltage 1s supplied to a gate or
a base of the transistor of the second envelope detector circuait.

According to the configurations, an envelope of the high
frequency signal 1s detected by the first envelope detector
circuit, a reference voltage for power level detection 1s gen-
erated by the second envelope detector circuit of the same
structure as the first envelope detector circuit, and an output of
the first envelope detector circuit (an output of the selector or
the variable gain amplifier, depending on the configuration) 1s
detected by the detector with reference to an output of the
second envelope detector circuit (an output of the selector or
the variable gain amplifier, depending on the configuration).
As aresult, the power level of the input high frequency signal
1s detected. The first and second envelope detector circuits
may be provided without using a current source. Further,
there 1s no need of additionally providing a reference voltage
generating circuit. Accordingly, the total number of resistive
clements 1s kept small. Moreover, when the selector or the
variable gain amplifier 1s accordingly controlled, 1t 1s possible
to perform calibration and to detect multiple levels of power
in a time-sharing manner. Therefore, as compared with con-
ventional ones, the high frequency power detector circuit 1s
improved 1n resistance against varnations in the course of
manufacture, change 1n temperature and change i supply
voltage, thereby raising precision of high frequency power
detection, and 1s reduced 1n size.

Preferably, the high frequency power detector circuit
includes: a high frequency reference signal generating unit
configured to generate a high frequency reference signal; an
input selector configured to select either one of an actual high
frequency signal or the high frequency reference signal, and
input the selected signal to the level shifter; and a controller
configured to control the mput selector and the selector (the
variable gain amplifier, depending on the configuration). The
controller sequentially changes an output of the selector (a
gain of the variable gain amplifier, depending on the configu-
ration), during input of the high frequency reference signal to
the level shifter, to store a control value for the selector (the
variable gain amplifier, depending on the configuration) of
the time when an output of the detector i1s inverted, and
controls the selector (the variable gain amplifier, depending
on the configuration) by using the stored control value when
the actual high frequency signal is input to the level shifter.
Specifically, the high frequency reference signal generating
unit includes a local signal generator, an amplifier configured
to clip an output of the local signal generator at an amplitude
proportional to a power supply voltage, and an attenuator
configured to attenuate an output of the amplifier. More spe-
cifically, the amplifier includes cascade-connected inverter
circuits. With this configuration, calibrating the high fre-
quency power detector circuit enables highly precise high-
frequency power detection with small varations.

Moreover, the high frequency power detector circuit prei-
erably includes a controller configured to cyclically change
an output of the selector (the gain of the variable gain ampli-
fier, depending on the configuration). With this configuration,
multiple levels of power can be detected 1n a time-sharing
manner.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the structure of a high frequency power
detector circuit according to a first embodiment.

FIG. 2 shows the structure of a high frequency power
detector circuit according to a second embodiment.
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FIG. 3 shows the structure of a high frequency power
detector circuit according to a third embodiment.

FIG. 4 shows the structure of a radio communication
device.

FIG. 5 shows the structure of a conventional high fre-
quency power detector circuit.

DETAILED DESCRIPTION

First Embodiment

FIG. 1 shows the structure of a high frequency power
detector circuit according to a first embodiment. In the enve-
lope detector circuit 10, a drain of an N-channel field etfect
transistor 101 1s connected to a supply voltage Vdd, and a
resistance row 110 including six serially-connected resistive
clements 111, 112,113,114, 115, and 116 and a capacitative
clement 120 are connected to a source of the transistor 101 1n
parallel. The structure of another envelope detector circuit 20
1s the same as that of the envelope detector circuit 10. That 1s,
in the envelope detector circuit 20, a drain of an N-channel
field effect transistor 201 1s connected to a supply voltage
Vdd, and a resistance row 210 including six serially-con-
nected resistive elements 211, 212, 213, 214, 215, and 216
and a capacitative element 220 are connected to a source of
the transistor 201 1n parallel. In the envelope detector circuits
10 and 20, corresponding elements have the same character-
istic value. For example, the capacitative elements 120 and
220 have the same capacitance.

A level shifter 30 1s configured to shift a center level of an
input high frequency signal to a predetermined voltage. More
specifically, the level shufter 30 cuts a DC component of the
high frequency signal at a capacitative element 301 and
applies, 1 place of 1t, a bias voltage Vb through a resistive
clement 302. The bias voltage Vb 1s a DC reference voltage
which determines an absolute value of a power level. There-
fore, 1t 1s preferred that the bias voltage Vb be less likely to
vary due to vanations in the course of manufacture, change in
temperature and change 1n supply voltage.

An output of the level shifter 30 1s input to a gate of the
transistor 101 of the envelope detector circuit 10. The tran-
sistor 101 rectifies a signal input to the gate so that the capaci-
tative element 120 1s charged. According to this action, a
source voltage of the transistor 101 becomes a value corre-
sponding to an amplitude of the high frequency signal. When
a time constant determined by the product of a total resistance
of the resistance row 110 and a capacitance of the capacitative
clement 120 1s suiliciently greater than a single period of the
input high frequency signal, the source voltage of the transis-
tor 101 becomes a value corresponding to an envelope of the
high frequency signal.

To a gate of the transistor 201 of the envelope detector
circuit 20, a bias voltage Vb corresponding to the center level
of the high frequency signal 1s applied. Since the envelope
detector circuit 20 1s a replica of the envelope detector circuit
10, a source voltage of the transistor 201 corresponds to the
source voltage of the transistor 101 when the high frequency
signal 1s not input. Therefore, using the source voltage of the
transistor 201 as a reference voltage, the reference voltage
and a detection signal of the envelope detector circuit 10 are
compared, so that a power level of the input high frequency
signal 1s detected. The capacitative element 220 serves to
climinate noise contained 1n the supply voltage Vdd.

When the high frequency signal 1s mput, however, the
source voltage of the transistor 101 1s inevitably higher than
the source voltage of the transistor 201. Therefore, the power
level of the high frequency signal cannot be detected by
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6

simply comparing the source voltages. In view of this, an
intermediate terminal voltage of the resistance row 110 in the
envelope detector circuit 10 1s considered as an object to be
detected. The mtermediate terminal voltage of the resistance
row 110 can be made smaller than the source voltage of the
transistor 201 by setting the resistance ratio between the
resistive elements 111-116 to a suitable value.

A selector 12 selects any one of intermediate terminal
voltages which are voltages at connection points of the resis-
tive elements 111-116 of the envelope detector circuit 10. A
selector 22 selects the source voltage of the transistor 201 of
the envelope detector circuit 20, that 1s, any one of a total
voltage of the resistance row 210 and itermediate terminal
voltages which are voltages at connection points of the resis-
tive elements 211-216. A detector 40 detects an output volt-
age of the selector 12 with reference to an output voltage of
the selector 22. More specifically, the detector 40 may be a
comparator. From the comparison results, the power level of
the 1input high frequency signal 1s obtained. The low-pass
filter or an A/D converter shown in FIG. 5 may also be used as
the detector 40.

A high frequency reference signal generating unit 50 gen-
erates a high frequency reference signal which will be a
reference of an actual high frequency signal input to the high
frequency power detector circuit. An input selector 60 selects
either one of the actual high frequency signal or the high
frequency reference signal, and 1nputs the selected signal to
the level shifter 30.

A controller 70 controls the selector 12, the selector 22, and
the mnput selector 60 to calibrate the high frequency power
detector circuit. Specifically, the controller 70 1nstructs the
input selector 60 to select the high frequency reference signal
so that the high frequency reference signal 1s input to the level
shifter 30, and sequentially changes an output of at least one
of the selector 12 or the selector 22. The controller 70 stores
control values for the selector 12 and the selector 22 of the
time when an output of the detector 40 1s inverted. When the
controller 70 instructs the input selector 60 to select the actual
high frequency signal so that the actual high frequency signal
1s 1put to the level shifter 30, the controller 70 controls the
selector 12 and the selector 22 by using the control values
stored earlier.

The high frequency reference signal 1s a reference signal
for the calibration, and thus 1s preferably less susceptible to
the influence of variations 1n the course of manufacture or
change 1n temperature. Thus, for example, an output of alocal
signal generator 52 1s clipped by an amplifier 54 at an ampli-
tude proportional to the power supply voltage, and 1s also
attenuated by an attenuator 56, thereby generating the high
frequency reference signal. A recent-year semiconductor
integrated circuit generates a highly accurate power supply
voltage with small variations therein. Thus, clipping the out-
put of the local signal generator 32 at such a power supply
voltage can generate a high frequency reference signal less
susceptible to the influence of variations in the course of
manufacturing or change in temperature. Note that the local
signal generator 52 may be, for example, an external PLL
synthesizer.

The amplifier 54 may be made of one 1nverter circuit which
operates with the power supply voltage generated 1n the semi-
conductor integrated circuit, or may include a cascode con-
nection of a plurality of such inverter circuits. As the number
of stages of the cascade connection increases, an output of the
final stage approximates a rectangular wave form. The output
voltage Vout of the final stage 1s given by the following
equation.
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sin(2n — 1wt [Equation 1]

Vour(wr) = S
n —

2Vdd <
2

n=1

where Vdd 1s a power supply voltage, n 1s an integer greater
than or equal to 1, and w 1s the angular frequency of an input
signal.

The signal amplitude of a fundamental wave (w) 1s three
times as high as that of a third harmonic wave (3m), that1s, the
signal amplitude of the fundamental wave (w) 1s higher than
that of the third harmonic wave (3w) by 9.5 dB. Thus, when a
high frequency reference signal of a substantially rectangular
wave form 1s 1mput to the envelope detector circuit 10, an
output 1s substantially determined by the amplitude of the
tundamental wave. Moreover, when the gain of the amplifier
54 1s sulficiently large, 1t 1s possible to generate a high fre-
quency reference signal having a constant amplitude with
small variations even when the output of the local signal
generator 32 1s small.

The controller 70 may perform time-sharing control on the
high frequency power detector circuit by controlling at least
one of the selector 12 or the selector 22. That 1s, the controller
70 cyclically changes the output of at least one of the selector
12 or the selector 22. For example, the total voltage of the
resistance row 210 1s used as a first reference voltage, an
intermediate terminal voltage at a connection point of the
resistive element 212 and the resistive element 213 1s used as
a second reference voltage, and these two reference voltages
are alternately output from the selector 22, so that two levels
of power can be detected 1n a time-sharing manner. Of course,
when the number of reference voltages output from the selec-
tor 22 1s increased, more levels of power can be detected 1n a
time-sharing manner.

The calibration and the time-sharing control may be com-
bined. In this case, the calibration 1s preferably performed by
using high frequency reference signals respectively corre-
sponding to levels of power to be detected. Thus, multiple
ones of the high frequency reference signal generating unit 50
which are configured to generate high frequency reference
signals having power levels different from each other may be
provided, or the attenuation value of the attenuator 56 of the
high frequency reference signal generating unit 50 may be
variable to generate high frequency reference signals having,
various levels of power.

Note that either one of the selector 12 or the selector 22
may be omitted. However, when both the selector 12 and the
selector 22 are provided, finer calibration and time-sharing
detection of more levels of power are possible.

Second Embodiment

FIG. 2 shows the structure of a high frequency power
detector circuit according to a second embodiment. The dii-
ference from the structure of the first embodiment 1is
described below 1n detail. In the envelope detector circuit 10,
a drain of an N-channel field effect transistor 101 1s connected
to a supply voltage Vdd, and a resistance row 110 including
two serially-connected resistive elements 111 and 112 and a
capacitative element 120 are connected to a source the tran-
sistor 101 in parallel. The structure of another envelope detec-
tor circuit 20 1s the same as that of the envelope detector
circuit 10. That 1s, 1n the envelope detector circuit 20, a drain
of an N-channel field effect transistor 201 1s connected to a
supply voltage Vdd, and a resistance row 210 including two
serially-connected resistive elements 211 and 212 and a
capacitative element 220 are connected to a source of the
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transistor 201 1n parallel. In the envelope detector circuits 10
and 20, corresponding elements have the same characteristic

value. For example, the capacitative elements 120 and 220
have the same capacitance.

A variable gain amplifier 14 amplifies an intermediate ter-
minal voltage of the resistance row 110 of the envelope detec-
tor circuit 10, 1.e., a voltage at a connection point between the
resistive elements 111 and 112. A vaniable gain amplifier 24
amplifies a source voltage of the transistor 201 of the enve-
lope detector circuit 20, 1.¢., a total voltage of the resistance
row 210. A detector 40 detects an output voltage of the vari-
able gain amplifier 14 by using an output voltage of the
variable gain amplifier 24.

A controller 70 controls the variable gain amplifier 14, the
variable gain amplifier 24, and an 1nput selector 60 to cali-
brate the high frequency power detector circuit. Specifically,
the controller 70 1nstructs the input selector 60 to select a high
frequency reference signal so that the high frequency refer-
ence signal 1s 1nput to a level shifter 30, and sequentially
changes the gain of at least one of the variable gain amplifier
14 or the variable gain amplifier 24. The controller 70 stores
control values for the variable gain amplifier 14 and the vari-
able gain amplifier 24 of the time when an output of the
detector 40 1s inverted. When the controller 70 instructs the
input selector 60 to select an actual high frequency signal so
that the actual high frequency signal 1s mput to the level
shifter 30, the controller 70 controls the variable gain ampli-
fier 14 and the variable gain amplifier 24 by using the control
values stored earlier.

The controller 70 may also perform time-sharing control
on the high frequency power detector circuit by controlling at
least one of the variable gain amplifier 14 or the variable gain
amplifier 24. That 1s, the controller 70 cyclically changes the
gain ol at least one of the varniable gain amplifier 14 or the
variable gain amplifier 24. As described above, the calibration
and the time-sharing control may be combined.

Each of the resistance rows 110 and 210 may include three
or more resistive elements connected 1n series. In this case,
the varniable gain amplifier 24 may amplify an intermediate
terminal voltage of the resistance row 210 in place of the
source voltage of the transistor 201.

Alternatively, either one of the varniable gain amplifier 14 or
the variable gain amplifier 24 may be omitted. However,
when both the variable gain amplifier 14 and the variable gain
amplifier 24 are provided, finer calibration and time-sharing
detection of more levels of power are possible. Alternatively,
either one of the variable gain amplifier 14 or the variable gain
amplifier 24 may be replaced with a selector.

Third Embodiment

FIG. 3 shows the structure of a high frequency power
detector circuit according to a third embodiment. The high
frequency power detector circuit of the present embodiment
1s the high frequency power detector circuit of F1G. 1 in which
the selector 12 1s omitted, and a variable gain amplifier 16 1s
provided between the mput selector 60 and the level shifter
30. The difference from the structure of the first embodiment
1s described below 1n detail.

The detector 40 detects an intermediate terminal voltage of
the resistance row 110 of the envelope detector circuit 10 with
reference to an output voltage of the selector 22. Although a
voltage at a connection point of the resistive element 115 and
the resistive element 116 1s detected here, another intermedi-
ate terminal voltage may be detected.

The controller 70 controls the variable gain amplifier 16,
the selector 22, and the input selector 60 to calibrate the high
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frequency power detector circuit. Specifically, the controller
70 1nstructs the input selector 60 to select a high frequency
reference signal so that the high frequency reference signal 1s
input to the vanable gain amplifier 16, and sequentially
changes at least one of the gain of the variable gain amplifier
16 or an output of the selector 22. The controller 70 stores
control values for the variable gain amplifier 16 and the selec-
tor 22 of the time when an output of the detector 40 1s inverted.
When the controller 70 instructs the input selector 60 to select
an actual high frequency signal so that the actual high fre-
quency signal 1s mput to the varniable gain amplifier 16, the
controller 70 controls the variable gain amplifier 16 and the
selector 22 by using the control values stored earlier.

The controller 70 may also perform time-sharing control
on the high frequency power detector circuit by controlling at
least one of the variable gain amplifier 16 or the selector 22.
That 1s, the controller 70 cyclically changes at least one of the
gain of the variable gain amplifier 16 or the output of the
selector 22. As described above, the calibration and the time-
sharing control may be combined.

Note that the selector 22 may be omitted. However, when
the selector 22 1s provided, finer calibration and time-sharing
detection of more levels of power are possible. Alternatively,
the selector 22 may be replaced with a variable gain amplifier.

According to the embodiments, the envelope detector cir-
cuit 1s configured without using a current source, and the
reference voltage 1s generated by the replica of the envelope
detector circuit without providing an independent reference
voltage generating circuit. Therefore, as compared with the
conventional ones, the high frequency power detector circuit
1s 1mproved 1n resistance against variations in the course of
manufacture, change 1n temperature and change in supply
voltage, thereby raising precision of high frequency power
detection, and 1s reduced 1n size. Moreover, performing the
calibration can further raising the precision of the high-fre-
quency power detection. Furthermore, multiple levels of
power can be detected by performing the time-sharing con-
trol.

In each of the embodiments, the transistors 101 and 102
may consist of P-channel field effect transistors, respectively.
In this case, the resistance rows 110 and 210 and the capaci-
tative elements 120 and 220 are connected to the supply
voltage. As the transistors 101 and 102, other kinds of tran-
sistors such as bipolar transistors may be used. Further, the
resistive elements and the capacitative elements of the high

frequency power detector circuit may be realized by transis-
tors.

Embodiment of Radio Communication Device

FIG. 4 shows an embodiment of a radio communication
device mcluding a high frequency power detector circuit
according to any one of the first to third embodiments. In a
receiving system of the radio communication device of the
present embodiment, a high frequency signal received by an
antenna 1001 1s mput to a variable gain low-noise amplifier
1004 through a high frequency filter 1002 and a transmit-
receive switch 1003. The receiwved signal amplified by the
low-noise amplifier 1004 1s supplied to a high frequency
power detector circuit 1013 and a mixer 1005. The mixer
1005 mixes an output of the low-noise amplifier 1004 and a
local signal output from a local signal generator 1012 to
down-convert the received signal to a baseband frequency
signal. An output of the mixer 1003 1s supplied to a variable

gain baseband amplifier 1007 through a baseband filter 1006.
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The recerved signal amplified by the baseband amplifier 1007
1s then supplied to an A/D converter 1016 and a baseband
power detector circuit 1015.

The A/D converter 1016 converts the recerved signal input
thereto 1into a digital signal. A digital signal processor 1017
processes the digital output of the A/D converter 1016. The
high frequency power detector circuit 1013 and the baseband
power detector circuit 1015 detect the output power level of
cach of the low-noise amplifier 1004 and the baseband ampli-
fier 1007. An automatic gain control circuit 1018 performs
teedback control based on the detection results so that the
values of the gains of the low-noise amplifier 1004 and the
baseband amplifier 1007 become suitable for the output
power levels. For example, when the power level of the input
signal 1s increased from a minimum reception level, optimum
control 1s performed to reduce the gain of the baseband ampli-
fier 1007 and then reduce the gain of the low-noise amplifier
1004 so that the signal input to the A/D converter 1016 1s not
distorted. On the other hand, when the power level of the input
signal 1s decreased from a maximum allowable level, opti-
mum control 1s performed to increase the gain of the low-
noise amplifier 1004 so that the received signal mput to the
A/D converter 1016 1s not distorted and then increase the gain
of the baseband amplifier 1007.

In a transmission system of the radio communication
device of the present embodiment, a digital signal output
from the digital signal processor 1017 1s converted into an
analog signal by a D/A converter 1019. The analog signal 1s
supplied to a mixer 1010 through a baseband filter 1011. The
mixer 1010 mixes the output signal of the baseband filter
1011 and a local signal output from the local signal generator
1012 to up-convert the transmission signal to a high fre-
quency signal. The high frequency transmission signal 1s
amplified by a variable gain driver amplifier 1009 and a power
amplifier 1008 to a desired power level and supplied to a high
frequency power detector circuit 1014 and the transmit-re-
ceive switch 1003. The high frequency transmission signal 1s
then transmaitted from the antenna 1001 through the transmait-
receive switch 1003 and the high frequency filter 1002. The
high frequency power detector circuit 1014 detects the output
power level of the power amplifier 1008. An automatic gain
control circuit 1020 performs feedback control based on the
detection results so that the value of the gain of the power
amplifier 1008 becomes suitable for the output power level.

A single high frequency power detector circuit may be used
as the high frequency power detector circuits 1013 and 1014.
Further, the receiving system and the transmission system of
the radio commumcation device described above may be
configured imndependently to provide a radio signal recerver
and a radio signal transmutter.

What 1s claimed 1s:

1. A high frequency power detector circuit comprising:

a level shifter configured to shift a center level of an 1input

high frequency signal to a predetermined voltage;

first and second envelope detector circuits each having a
resistance row, a capacitative element connected to the
resistance row in parallel, and a transistor connected
between a connection point between the resistance row
and the capacitative element and a predetermined volt-
age node;

a selector configured to select any one of a plurality of
intermediate terminal voltages of the resistance row of
the first envelope detector circuit; and

a detector configured to detect an output voltage of the
selector with reference to a total voltage or an interme-
diate terminal voltage of the resistance row of the second
envelope detector circuit, wherein
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an output of the level shifter 1s supplied to a gate or a base
of the transistor of the first envelope detector circuit, and
the predetermined voltage 1s supplied to a gate or a base
ol the transistor of the second envelope detector circuit.

2. The high frequency power detector circuit of claim 1,

turther comprising:

a controller configured to cyclically change an output of the
selector.

3. A radio communication device comprising the high fre-

quency power detector circuit of claim 1.

4. The high frequency power detector circuit of claim 1,

turther comprising:

a high frequency reference signal generating unmt config-
ured to generate a high frequency reference signal;

an 1nput selector configured to select either one of an actual
high frequency signal or the high frequency reference
signal, and iput the selected signal to the level shifter;
and

a controller configured to control the mnput selector and the
selector, wherein

the controller sequentially changes an output of the selec-
tor, during input of the high frequency reference signal
to the level shifter, to store a control value for the selector
of the time when an output of the detector 1s inverted,
and controls the selector by using the stored control
value when the actual high frequency signal 1s 1mnput to
the level shifter.

5. The high frequency power detector circuit of claim 4,

wherein
the high 1frequency reference signal generating unit
includes
a local signal generator,
an amplifier configured to clip an output of the local
signal generator at an amplitude proportional to a
power supply voltage, and

an attenuator configured to attenuate an output of the
amplifier.

6. The high frequency power detector circuit of claim 5,

wherein

the amplifier includes cascade-connected inverter circuits.

7. A high frequency power detector circuit comprising:

a level shifter configured to shift a center level of an input
high frequency signal to a predetermined voltage;

first and second envelope detector circuits each having a
resistance row, a capacitative element connected to the
resistance row 1n parallel, and a transistor connected
between a connection point between the resistance row
and the capacitative element and a predetermined volt-
age node;

a variable gain amplifier configured to amplily an interme-
diate terminal voltage of the resistance row of the first
envelope detector circuit; and

a detector configured to detect an output voltage of the
variable gain amplifier with reference to a total voltage
or an intermediate terminal voltage of the resistance row
of the second envelope detector circuit; wherein

an output of the level shifter 1s supplied to a gate or a base
ol the transistor of the first envelope detector circuit, and
the predetermined voltage 1s supplied to a gate or a base
of the transistor of the second envelope detector circuit.

8. The high frequency power detector circuit of claim 7,

turther comprising:

a controller configured to cyclically change a gain of the
variable gain amplifier.

9. A radio communication device comprising the high fre-

quency power detector circuit of claim 7.
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10. The ligh frequency power detector circuit of claim 7,
turther comprising:

a high frequency reference signal generating unit config-
ured to generate a high frequency reference signal;

an mput selector configured to select erther one of an actual
high frequency signal or the high frequency reference
signal, and input the selected signal to the level shifter;
and

a controller configured to control the input selector and the

variable gain amplifier, wherein

the controller sequentially changes a gain of the variable
gain amplifier, during input of the high frequency refer-
ence signal to the level shifter, to store a control value for
the variable gain amplifier of the time when an output of
the detector 1s inverted, and controls the variable gain
amplifier by using the stored control value when the
actual high frequency signal 1s input to the level shifter.

11. The high frequency power detector circuit of claim 10,

wherein
the high frequency reference signal generating unit
includes
a local signal generator,
an amplifier configured to clip an output of the local
signal generator at an amplitude proportional to a
power supply voltage, and

an attenuator configured to attenuate an output of the
amplifier.

12. The high frequency power detector circuit of claim 11,

wherein

the amplifier includes cascade-connected 1nverter circuits.

13. A high frequency power detector circuit comprising:

a level shifter configured to shift a center level of an 1nput
high frequency signal to a predetermined voltage;

first and second envelope detector circuits each having a
resistance row, a capacitative element connected to the
resistance row 1n parallel, and a transistor connected
between a connection point between the resistance row
and the capacitative element and a predetermined volt-
age node;

a variable gain amplifier configured to amplity a total volt-
age or an intermediate terminal voltage of the resistance
row of the second envelope detector circuit; and

a detector configured to detect an intermediate terminal
voltage of the resistance row of the first envelope detec-
tor circuit with reference to an output voltage of the
variable gain amplifier, wherein

an output of the level shifter 1s supplied to a gate or a base
of the transistor of the first envelope detector circuit, and
the predetermined voltage 1s supplied to a gate or a base
of the transistor of the second envelope detector circuait.

14. The high frequency power detector circuit of claim 13,

turther comprising:

a controller configured to cyclically change a gain of the
variable gain amplifier.

15. A radio communication device comprising the high

frequency power detector circuit of claim 13.

16. The high frequency power detector circuit of claim 13,

further comprising:

a high frequency reference signal generating unit config-
ured to generate a high frequency reference signal;

an input selector configured to select either one of an actual
high frequency signal or the high frequency reference
signal, and input the selected signal to the level shifter;
and

a controller configured to control the input selector and the
variable gain amplifier, wherein
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the controller sequentially changes a gain of the variable
gain amplifier, during input of the high frequency refer-
ence signal to the level shifter, to store a control value for

the variable gain amplifier of the time when an output of

the detector 1s inverted, and controls the variable gain
amplifier by using the stored control value when the
actual high frequency signal 1s imnput to the level shifter.
17. The high frequency power detector circuit of claim 16,
wherein
the high 1frequency reference signal generating unit
includes
a local signal generator,
an amplifier configured to clip an output of the local
signal generator at an amplitude proportional to a
power supply voltage, and
an attenuator configured to attenuate an output of the
amplifier.
18. The high frequency power detector circuit of claim 17,
wherein
the amplifier includes cascade-connected inverter circuits.
19. A high frequency power detector circuit comprising:
a variable gain amplifier configured to amplity an input
high frequency signal;
a level shifter configured to shift a center level of an output
of the variable gain amplifier to a predetermined voltage;
first and second envelope detector circuits each having a
resistance row, a capacitative element connected to the
resistance row in parallel, and a transistor connected
between a connection point between the resistance row
and the capacitative element and a predetermined volt-
age node; and
a detector configured to detect an intermediate terminal
voltage of the resistance row of the first envelope detec-
tor circuit with reference to a total voltage or an inter-
mediate terminal voltage of the resistance row of the
second envelope detector circuit; wherein
an output of the level shifter 1s supplied to a gate or a base
of the transistor of the first envelope detector circuit, and
the predetermined voltage 1s supplied to a gate or a base
of the transistor of the second envelope detector circuit.
20. The high frequency power detector circuit of claim 19,
turther comprising:
a controller configured to cyclically change a gain of the
variable gain amplifier.
21. A radio communication device comprising the high
frequency power detector circuit of claim 19.
22. The high frequency power detector circuit of claim 19,
turther comprising:
a high frequency reference signal generating unmt config-
ured to generate a high frequency reference signal;
an 1nput selector configured to select either one of an actual
high frequency signal or the high frequency reference
signal, and 1mput the selected signal to the variable gain
amplifier; and
a controller configured to control the mnput selector and the
variable gain amplifier, wherein
the controller sequentially changes a gain of the variable
gain amplifier, during input of the high frequency refer-
ence signal to the vanable gain amplifier, to store a
control value for the variable gain amplifier of the time
when an output of the detector 1s inverted, and controls
the variable gain amplifier by using the stored control
value when the actual high frequency signal 1s mput to
the variable gain amplifier.
23. The high frequency power detector circuit of claim 22,
wherein
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the high frequency reference signal generating unit
includes
a local signal generator,
an amplifier configured to clip an output of the local
signal generator at an amplitude proportional to a
power supply voltage, and
an attenuator configured to attenuate an output of the
amplifier.
24. The high frequency power detector circuit of claim 23,
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the amplifier includes cascade-connected 1nverter circuits.

25. A high frequency power detector circuit comprising:

a level shifter configured to shiit a center level of an input
high frequency signal to a predetermined voltage;

first and second envelope detector circuits each having a
resistance row, a capacitative element connected to the
resistance row 1n parallel, and a transistor connected
between a connection point between the resistance row
and the capacitative element and a predetermined volt-
age node;

a selector configured to select any one of a total voltage and
a plurality of intermediate terminal voltages of the resis-
tance row of the second envelope detector circuit;

a detector configured to detect an intermediate terminal
voltage of the resistance row of the first envelope detec-
tor circuit with reference to an output voltage of the
selector;

a high frequency reference signal generating unit config-
ured to generate a high frequency reference signal;

an input selector configured to select either one of an actual
high frequency signal or the high frequency reference
signal and inputting the selected signal to the level
shifter; and

a controller configured to control the input selector and the
selector, wherein

an output of the level shifter 1s supplied to a gate or a base
of the transistor of the first envelope detector circuit, and
the predetermined voltage 1s supplied to a gate or a base
of the transistor of the second envelope detector circuit,
and

the controller sequentially changes an output of the selec-
tor, during input of the high frequency reference signal
to the level shifter, to store a control value for the selector
of the time when an output to of the detector 1s 1nverted,
and controls the selector by using the stored control
value when the actual high frequency signal 1s mput to
the level shifter.

26. A radio communication device comprising the high

frequency power detector circuit of claim 25.

277. The high frequency power detector circuit of claim 25,

wherein
the high {frequency reference signal generating unit
includes
a local signal generator,
an amplifier configured to clip an output of the local
signal generator at an amplitude proportional to a
power supply voltage, and

an attenuator configured to attenuate an output of the
amplifier.

28. The high frequency power detector circuit of claim 27,

wherein

the amplifier includes cascade-connected 1nverter circuits.

29. A high frequency power detector circuit comprising:

a level shifter configured to shift a center level of an 1nput
high frequency signal to a predetermined voltage;

first and second envelope detector circuits each having a
resistance row, a capacitative element connected to the
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resistance row in parallel, and a transistor connected
between a connection point between the resistance row
and the capacitative element and a predetermined volt-
age node;

a selector configured to select any one of a total voltage and 5
a plurality of intermediate terminal voltages of the resis-
tance row of the second envelope detector circuit;

a detector configured to detect an intermediate terminal
voltage of the resistance row of the first envelope detec-
tor circuit with reference to an output voltage of the 10
selector; and

a controller configured to cyclically change an output of the
selector, wherein

an output of the level shifter 1s supplied to a gate or a base
ol the transistor of the first envelope detector circuit, and 15
the predetermined voltage 1s supplied to a gate or a base
of the transistor of the second envelope detector circuat.

30. A radio communication device comprising the high

frequency power detector circuit of claim 29.
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